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RESEARCH MEMORANDUM 


INVESTIGATION OF A TRAILING-EDGE PADDLE-CONTROL SURFACE 
ОМ А TRIANCULAR WING OF ASPECT ВАТТО 2 AT 
SUBSONIC AND SUPERSONIC SPEEDS 


By Louis H. Ball 
SUMMARY 


Presented herein are the results of an experimental. investigation 
of external airfoils, known as paddle-control surfaces, as the longitu- 
dinal control device on а triangular wing of aspect ratio 2. The lift, 
drag, pitching moment, and hinge moment were obtained for Mach numbers 
of 0.60, 0.80, 0.90, 1.20, 1.30, 1.50, 1.70, and 1.90 at а constant 
Reynolds number of 3.0 x 106, for angles of attack from about -hO to 18? 
and for paddle-control deflections from approximately НО to -169. 


Examination of the control-surface characteristics of the paddle 
control and comparison of the control-surface parameters with а con- 
ventional trailing-edge unbalanced fisp having the same area 
revealed the following results: 


No unusual variations were noted in the pitching-moment or hinge- 
moment characteristics throughout the speed range tested. The pitching- 
moment effectiveness of the paddle control at subsonic speeds was con- 
siderably less than that of the unbalanced flap. At supersonic speeds, 
the pitching-moment effectiveness of the paddle control was less than 
that of the unbalanced flap at Mach numbers below 1.50; whereas, above 
& Mach number of 1.50, the effectiveness of the two types of controls 
corresponded closely. The results showed that material reductions in 
the hinge-moment parameters, Chs and Cha were realized with the paddle 
control. There was little effect of Mach number on these hinge-moment 
parameters. 


The use of the paddle control resulted in increases in the minimum 
drag coefficient throughout the speed range investigated. 
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INTRODUCTION 


As part оР в continuing experimental program to find methods to а ieee 
reduce the control moments of trailing-edge controls on high-speed air- n pira 
craft, an external airfoil control surface was tested in the Ames 6- 
ру 6-foot ворегвопіс wind tunnel. . Previous tests (ref. 1) have shown 
that the use of an external airfoil, called а paddle, as a balancing 
device in combination with & trailing-edge flap provided substantial 
reductions in the hinge moments due to control deflections at supersonic 
вреедв. А study of these data indicated that such а paddle could be 
used as the primary longitudinal-control device and, by virtue of the 
interaction between the control and the wing, could be designed to have 
small hinge moments at both subsonic and supersonic speeds. 


The present investigation was undertaken, therefore, to provide 


information on the control characteristics of the paddle control. " 
SYMBOLS 

b Wing span, ft E 
с local wing chord measured parallel to plane of symmetry, ft 

Pea, 
с wing mean aerodynamic chord, 19 ft 

5 І Jn , PPS ay 

О 

Ст) drag coefficient, drag 
45 

бро minimum drag coéfficient 
Ch hinge-moment coefficient, Binge moment 

2амд 
ст lift coefficient, == ме % LL з Зв з 57 НЕ 
бы pitching-moment coefficient about the 35-percent point of the | 

wing mean aerodynamic chord, Pitching moment 


азе 
Cms control Berne One сав теск бані parameter for constant angle 
of attack, —Ш, measured at 5 = 0°, per deg à 


95 


Ста control lift-effectiveness parameter for constant angle of attack, 
9СІ, measured at 5 = 09, per deg è 
95 
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Chs rate of change of hinge-moment coefficient with change in con- 


trol deflection for constant angle of attack, А, measured at 
5 = 0°, per deg 





Cha. rate of change of hinge-moment coefficient with change. in angle 
of attack for constant angle of control deflection, h 





measured аб а = 09, per deg да,” 

1 length of body including portion removed to accommodate sting, ft 

М Mach number 

Ma first moment of area of exposed flep area aft of hinge line of 
the unbalanced Ғ1ар,2 Гі? (see ref. 1) 

q free-stream dynamic pressure, E. 1b/sq ft 

R Reynolds number, based on mean &erodynamic chord 

ro maximum body radius, ft 

S wing area, including area within body, sq ft 

V velocity of free stream, ft/sec 

x longitudinal distance from nose of body, ft 

y distance perpendicular to vertical plane of symmetry, ft 

а; angle of attack of wing chord line, deg 

б angle between wing chord and control chord measured in а plane 
perpendicular to the control hinge line, positive for downward 
deflection with respect to the wing, deg 

p mass density of air, slugs /eu ft 

Subseript 
n nominal control angle 


lIn order that the hinge-moment coefficients of the paddle control and 
the unbalanced flap could be compared, the hinge-moment coefficients 
of the paddle control were computed using the moment of area of the 
unbalanced flap of reference 1. 
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APPARATUS AND MODEL 


The Ames 6- by 6-foot supersonic wind tunnel in which this investi- 
gation was conducted is а closed-return, variable-pressure wind tunnel 
with а Mach number range from 0.60 to 0.90 and from 1.20 to 2.00. Fur- 
ther information on this wind tunnel can be found in reference 2. 


The model consisted of a wing-fuselage combination employing & wing 
of triangular plan form of aspect ratio 2 symmetrically mounted on the 
fuselage. The wing had NACA 0005-63 airfoil sections in streamwise 
planes. | МЕ 


The paddle control consisted of two sharp-edge rectangular surfaces 
(fig. 1). One of the paddles was positioned above and the other was 
positioned below the trailing edge of the right wing by a pair of struts 
which attached the paddies rigidly together and positioned each paddle 
1.30 inches from the chord plane of the wing. The struts were pivoted 
about an axis in the chord plane of the wing which corresponded to the 
30-percent-chord line of the paddles as a means of obtaining various 
deflection angles. When the control was undeflected, the trailing 
edges of the two paddles were in the same plane as the wing trailing 
edge. The streamwise airfoil section of the paddies was a half circular 
arc with the convexity on the side opposite to the wing. The maxinum 
thickness-chord ratio was approximately 5 percent at the 50-percent 
chord. The area of the two paddles combined equalled approximately 
14 percent of the area of the right wing panel including that portion 
enclosed within the body. 


The wing and paddle control were of solid steel construction. The 
body had a fineness ratio of 12.5 based on the length including that 
portion shown dotted in figure 1. 


The forces and moments on the model were measured by an electrical 
strain-gage balance. Paddle-control hinge moments were measured by an 
electrical strain gage mounted within the wing. 


TEST AND PROCEDURE 


The aerodynamic characteristics of the model as a function of angle | 
of attack were investigated for a range of Mach numbers from 0.60 to 
0.90 and from 1.20 to 1.90. The data presented were obtained at a 
Reynolds number of 3.0 x 10° . Lift, drag, pitching-moment, and hinge- 
moment measurements were made at constant paddle-control deflections for 
angles of attack from about -4° to 18°. Тһе paddle-control deflections 
were varied from НО to -169. In some instances, the full range of 
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angles of attack was not obtained because of structural limitations ог 
other difficulties. 


Reduction of Data 


The test data have been reduced to standard NACA coefficient form. 
The pitching moments were calculated about an axis at 35 percent of 
the mean aerodynamic chord. A complete discussion of the methods used 
in reducing the wind-tunnel data to coefficient form and the various 
corrections applied to the results may be found in reference 1 and 
only brief mention will be made here. 


The data obtained in the Ames 6- by 6-foot supersonic wind tunnel 
have been corrected for the following factors: 


1. Induced effects of the tunnel walls &t subsonic speeds result- 
ing from lift on the model. 


2. The change in the airspeed in the vicinity of the model at sub- 
sonic speeds resulting from the constriction of the flow by the tunnel 
walls. | 


3. Тһе pressure at the base of the model at supersonic and sub- 
sonic speeds being affected by the support interference. To account 
partially for this effect, the base pressure was measured and the drag 
coefficient was adjusted to correspond to that in which the base pres- 
sure would be equal to the freé-stream static pressure. 


lh. The longitudinal force on the model at subsonic and supersonic 
speeds due to the streamwise variation of the static pressure ав meas- 
ured in the empty test section. 


A survey of the 6- by 6-foot wind tunnel also indicated nonuni- 
formities of the air stream in the pitch plane of the model equivalent 
to a stream angle of as much as 0.10°. No correction to the data wag 
made for this effect. 


Precision 


The uncertainties involved in determining dynamic pressure and in 
measuring forces with the strain-gage balance are described in refer- 
ence 3. The following table Lists the uncertainty introduced into each 
corrected.coefficient by the known uncertainties in the measurements: 
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Quantity Uncertainty 
Lift coefficient 20.002 : 
Drag coefficient 2.001 2 
Pitching-moment coefficient +.002 
Hinge-moment coefficient t.00} 
Mach number: 2.01 - 
Кеупојав пшиђех .. #.03 x 108 
Angle of. attack +.10° 
Flap deflection angle + 259 


RESULTS AND DISCUSSION 


The results of the investigation of the paddle control are pre- 
sented in tabular form Рог the complete range of test variables in | 
table I. The data presented in the table аге for the model equipped 


with a paddle control on the right wing panel, For the purpose of 
analysis, a representative portion of the data is presented in graphical 


form. 


Figure 2 shows the variation of the pitching-moment and the hinge- 
moment coefficients with paddle-control deflection for given angles of 
attack and with angle of attack for given paddle-control deflections. 
Only the data for the. représentative Mach numbers of 0.60, 0.90, 1.30, 
and 1.90 are presented. The results shown in figure 2 are for deflec- 
tions of the paddle controi on the right wing panel. The data reveal 
no unusual variations of the pitching-moment and the hinge-moment coef- 
ficients with either angle of attack or angie of deflection throughout 
the speed range of these tests. 


The pitching-moment-effectiveness parameter, Ong; the hinge-moment Ы е 
parameters, Cha and Су. , and the minimum-drag coefficient of the paddle 
control are presented as functions of Mach number in figure 3. For pur- 
poses of comparison, the corresponding data for the unbalanced flap 
configuration of reference 1 are also presented in figure 3. Although 
data were obtained for. the paddle control on only the right wing panel, 
the results, &s presented in figure. 3; are for the deflection of & con- 
trol on both wing panels. а "e" | - 


The pitching-moment effectiveness of the paddle control was less 
than the unbalanced flap-at all speeds tested below а Mach number of 
1.50; whereas, above the Mach number 1.50, the effectiveness of the 
two types of controls corresponded closely. The marked loss in pitching- n 
moment effectiveness, Cms; of the paddle control from that shown for the | 
unbalanced flap at subsonic speeds may be advantageous in reducing the | 
sensitivity of the longitudinal control in this speed range. The reduced м 
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effectiveness of the paddle control at subsonic speeds is believed due 
to the absence of the additional lift induced on the forward portion 
of the wing by the hinged flap. The decrease in effectiveness exhibited 
by the paddle control at supersonic speeds below а Mach number of 1.50 
is brought about as a result of the shock-expansion interference 
between the paddies and the wing. This principle has been discussed 
previously in reference 1 and will be only briefly related. here. At 
negative control deflections the lower surface of the upper paddle 
propagates expansion waves which impinge on the wing surface. The 
resulting increase in lift on the wing, being of the opposite sign to 
that carried by the paddle due ta control deflection, effects a net 
reduction in the lift effectiveness, Crs, of the paddle control and, 
thereby, the pitching-moment effectiveness of the control. The paddle 
mounted on the lower surface of the wing acts in an analogous manner 
by virtue of the compression wave emitted from its upper surface. At 
Mach numbers above 1.50, the paddle control was so located that the 
shock waves emanating from the paddles do not strike the wing surface. 
Therefore, at these Mach numbers, the pitching-moment effectiveness of 
the two types of controls corresponded closely. 


The preceding discussion must be acknowledged to be a simplification 
of the flow phenomena involved. However, it is believed to describe the 
primary cause for the differences in pitching-moment effectiveness 
between the paddle control and the unbalanced flap. 


The primary advantage of the paddle control over the flap-type соп- 
trol is evident in the hinge-moment characteristics. An examination of 
figure 3 shows that material reductions are realized for both of the 
hinge-moment parameters, C and Су , from that noted for the unbal- 
anced flap throughout the speed range investigated. Figure 3 also shows 
that there is little effect of Mach number on the hinge-moment parameters 
of the paddle control. The small values of Cha, noted for this control 
сап be attributed primarily to the influence of the wing surface which 
causes the effective incidence of the paddles to be essentially the 
Same throughout the angle-of-attack range of the tests. This influence 
of the wing on the paddles is consistent with the results of reference 1 
which showed that the addition of а paddle balance to а conventional 
trailing-edge unbalanced flap had little effect on Cn, of the unbal- 
anced control. Since this phenomenon is essentislly independent of 
speed, Ch, is unaffected by Mach number (see fig. 3). Тһе reduction 
noted in Chs was due in part to the аегодупатіс balance incorporated 
in the paddle control. The small effect of Mach number on Chs is not 
clearly understood. 15 would be expected that there would be an effect 
of Mach number on the hinge moment due to flap deflection because of 
the rearward shift in the center of pressure of the load on the control 
surface with increasing Mach number. It is somewhat surprising that 
this effect is not evident in the hinge-moment results. 
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The hinge-moment advantages of the paddle control were obtained 
with a penalty in the drag characteristics, as shown in figure 3. The 
results show that the paddle control exhibited higher minimum drag 
coefficients than the unbalanced flap throughout the speed range tested. 
It is of interest to note that, though the drag increment is fairly 
large, considerable improvement in the drag characteristics was realized 
for the paddle control of the present investigation over the paddle 
balance of reference 1 by reducing the paddle thickness. 


CONCLUSIONS 


Tests were made of & model equipped with & trailing-edge paddle- і 
control device to determine its control characteristics at subsonic апд 
supersonic speeds. The results were compared with the control character- 
istics of the unbalanced, trailing-edge flap of reference 1. Examina- 
tion of the results revealed the following significant features: 


1. The pitching-moment and hinge-moment characteristics of the 
paddle control showed no outstanding nonlinearities for the entire speed 
range studied. 


2. The paddle control exhibited a smaller control effectiveness 
at subsonic speeds and at supersonic speeds below a Mach number of 1. 50. 
Above the Mach number 1.50 the effectiveness of the two types of controls 
corresponded closely. 


3. The hinge-moment parameters, Che and Спа of the paddle control 


were considerably smaller than those of the unbalanced знав and were 
little affected by Mach number. | 


4. The paddle control increased the minimum drag eee the 
speed range tested. | ru 


4mes Aeronautical Laboratory mE 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., Nov. 20, 1953 
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TABLE І.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED 
WITH A PADDLE CONTROL. DATA FOR ONE PADDLE CONTROL. R = 3.0х108 
(а) Nominal 5 = 4L? 
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED 
WITH A PADDLE CONTROL. DATA FOR ONE PADDLE CONTROL. 
В = 3.0x108 - Continued 
(c) Nominal 5 = -h? 
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED 
WITH A PADDLE CONTROL. DATA FOR ONE PADDLE CONTROL. 
В = 3.0x109 = Concluded 
(е) Nominal 8 = -129 
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Figure І. Dimensional sketch of model. 
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Figure 2.- The variation of the pitching~moment and the hinge—moment coefficients with paddle- 
control deflection and with angle of attack. Data for one paddle control, R=3.0 x108 
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Figure 2.- Continued, 
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Figure 2.- Continued. 
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Figure 2.- Concluded. 
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